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Abstract

Coronaviruses are a large group of viruses known to cause i"nesses that vary between the
common cold and more severe diseases to include severe acite -espiratory syndrome (SARS)
and Middle East respiratory syndrome (MERS). A nrve! coronavirus was identified in
December 2019 in Wuhan city, Hubei province, China. (his virus represents a new strain that
has not been previously identified in humans. The virus is now known as the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-") .nd the resulting disease is called
coronavirus disease 2019 (COVID-19). The Wo.lr. IHealth Organization (WHO) declared the
novel coronavirus outbreak a global pa~Jeiic in March 2020. Despite rigorous global
containment and quarantine efforts, the 1. ~‘dence of COVID-19 continues to rise, with more
than 1,948,617 laboratory-confirmed c.-es and over 121,846 deaths worldwide. Currently, no
specific medication is recommended tc “~eat COVID-19 patients. However, governments and
pharmaceutical companies are strugoung to quickly find an effective drug to defeat the
coronavirus. In the current re-iew, we summarize the existing state of knowledge about
COVID-19, available medication., and treatment options. Favilavir is an antiviral drug that is
approved in Japan for ccnn.on influenza treatment and is now approved to treat symptoms
of COVID-19 in China. X4oreover, Chloroquine and hydroxychloroquine, drugs used to treat
malaria and arthritis, respectively, were recommended by the National Health Commission
of the People’s Republic of China for treatment of COVID-19. Presently, chloroquine and
hydroxychloroquine are under investigation by the US Food and Drug Administration (FDA)
as a treatment for COVID-19. The first COVID-19 vaccine is not expected to be ready for
clinical trials before the end of the year.

Keywords: Coronavirus, SARS-CoV-2, COVID-19, Severe acute respiratory syndrome,
Pathogenesis, Therapy, Vaccines



1. Introduction

In the second week of December 2019, unknown viral infection was identified in a small local
fish and wild animal market in Wuhan city, Hubei province in China [1]. Since this time, the
virus has rapidly spread across mainland China, and now has reached other countries [2, 3].
In the early stages of this virus spread, several cases of pneumonia of unknown etiology were
reported. Patients have been diagnosed with severe acute respiratory infection symptoms and
others with rapidly developing acute respiratory distress syndrome, acute respiratory failure
and other serious complications leading to death [4]. The Chinese Center for Disease Control
and Prevention (CCDC) identified this infection as a novel coronavirus infection on Jan 7,
2020 and on Feb 11, 2020, the WHO announced a new name f > the epidemic disease as 2019-
new coronavirus disease (2019-nCoV and now known as C"CViD-19) [5]. Additionally, the
International Committee on Taxonomy of Viruses name! 2019-nCoV as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). CCV™-.9 has become a major global
health concern and the WHO declared the coronavirvs ~ubreak a global pandemic on March
2020 [6]. As of April 14, 2020, COVID-19 has affectc ¥ more than 1,948,617 patients in 210
countries and territories around the world and tw« international conveyances and left around
121,846 deaths worldwide.

Coronaviruses are belonging to the fawn i, Coronaviridae (order Nidovirales) and include
viruses with a single-strand, positive-s™se KNA genome approximately 26-32 kilobases in
size [7]. The Coronaviridae famils (wmtains four genera to include Alpha-coronavirus
(alphaCoV), Beta-coronavirus (be.rCoV), Delta-coronavirus (deltaCoV) and Gamma-
coronavirus (gammaCoV). Bats na rodents are thought to be the reservoir for alphaCoV and
betaCoV. Currently, it is less ('~ar which animals serve as the reservoir for deltaCoV and
gammaCoV. Coronavirus:s .re named according to their appearance under the electron
microscope, the viruses 'oox like they are covered with pointed structures that surround
them like a corona or .own due to the presence of spike glycoproteins on their envelope

(Figure 1).

These viruses typically affect the respiratory tracts of birds and mammals including humans.
In general, the reservoir of these viruses is in animals that infrequent spillover into humans,
with intermediate host species likely filling the gap. Among humans, CoVs mostly cause
insignificant ~respiratory infections to include those detected in the common cold.
Nevertheless, some recent CoVs can cause more serious diseases, including severe acute
respiratory syndrome (SARS-CoV) and Middle East respiratory syndrome (MERS-CoV) [8, 9].
SARS-CoV and MERS-CoV are caused by zoonotic coronaviruses that belong to the betaCoV
genus. In 2003, an outbreak of SARS started in China and spread to other countries before
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ending in 2004 [10]. A total of 8098 cases in 37 countries/regions had probable SARS
diagnoses globally resulting in 775 deaths (case-fatality rate: 10-12%) with most of these cases
of infection and deaths occurring in mainland China and Hong Kong [11]. In contrast, a total
of 1621 cases of MERS have been reported resulting in 584 deaths (case-fatality rate: 36%). The
initial known case of MERS was in a 60-year-old patient who died from a severe respiratory
illness in Jeddah, Saudi Arabia, in 2012. MERS still sporadically manifests in several different
countries [12]. Upon infection with SARS-CoV-2, the virus binds to a host cell's angiotensin-
converting enzyme 2 (ACE2) receptors. ACE2 is commonly expressed on the epithelial cells of
alveoli, trachea, bronchi, and bronchial serous glands of the respiratory tract [13]. The virus
enters and replicates in these cells. The new developed virior's are then released and infect
new target cells. The life cycle and mechanism of patheg ity of SARS-CoV-2, from

attachment to reproduction is shown in Figure 2.

The new coronavirus, 2019-nCoV, is an enveloped, por tive sense, single-stranded RNA virus
and is in the betaCoV genus, which also includes SARS-"0V and MERS-CoV. The 2019-nCoV
shares 89% nucleotide identity with bat SARS-like CoV.”XC21 and 82% identity with human
SARS-CoV [14]. Therefore, the 2019-nCoV was rained SARS-CoV-2. Early studies reported
possible animal-to-human transmission of SA’S-CoV-2, and human-to-human transmission
through droplets or direct contact [2]. k. * prevention of virus spread, some studies showed
that the 2019-nCoV is sensitive to ultic violet light and heat like other CoVs. Moreover, CoVs
can be functionally inactivated by ucw. g different solvents to include ethanol (70%), ether

(75%), chlorine-containing disinfec.a..ts and others.

As of now, there is no specific antiviral medication available for COVID-19 treatment, and
also no vaccine is currently . vaiable. Health care providers generally treat the symptoms by
using oxygen therapy for pat ents with severe infection. For severe acute cases, there may be
additional options for trea ment, including research drugs and therapeutics [5, 8]. Currently,
the challenge for the WHO and many countries is finding an effective drug to defeat the virus
or a vaccine that can be used on healthy individuals to prevent them from being infected.
Since there is no effective drug or vaccine, the best procedures as of now are to control the
source of infection, early diagnosis, isolation and supportive treatments. For individuals,
good personal hygiene and avoiding crowded places will help to prevent 19-nCoV infection.
In this review, we summarize the current state of knowledge surrounding COVID-19 and
discuss the discovery and development of new virus-based and host-based therapeutic
options for COVID-19.

2. Origin and transmission



Although health officials are still tracing the exact source of the 2019 novel coronavirus, early
hypotheses thought it may be linked to the Huanan seafood wholesale market in Wuhan city
where live animals are sold, to include snakes, marmots, birds, frogs and hedgehogs [15].
Some people who visited the market developed viral pneumonia caused by the new
coronavirus. This fact suggested that animals initially transmitted the virus to humans.
However, people with a more recent diagnosis had no connections with or exposure to the
market, confirming that humans can pass the virus to each other. The 2019 novel coronavirus
is a zoonotic virus, meaning the first patients who were infected acquired these viruses
directly from animals. Some studies have shown that the bat is the possible species of origin
of the 2019 novel coronavirus (SARS-CoV-2) because SARS-C V-2 shows 96% whole-genome
identity with a bat CoV (BatCoV RaTG13) from Rhinolophus .f%in.s [16]. Nevertheless, SARS-
CoV and MERS-CoV are generally transmitted into intermcdiate hosts to include masked
palm civets and camels, respectively, before jumping tc l.'mrans [17]. A number of scientists
pointed out that as a result of the similarity of this ..>w virus with SARS-CoV and MERS-
CoV, SARS-CoV-2 has probably moved from un un. =own intermediate host to humans or

directly to humans [16].

As of Jan 17, 2020, a Chinese team conduct- a» analysis and compared the genetic sequences
of 2019-nCoV and all other known coro. awiruses. They proposed that 2019-nCoV has most
similar codon usage bias with snake: [18]. Snakes often hunt bats in the wild. Reports
indicate that snakes were sold in th: 'c-21 seafood market in Wuhan, raising the possibility
that the 2019-nCoV might have jw.ved from the host species, bats, to snakes and then to
humans at the beginning of tk:s ccronavirus outbreak. However, how the virus could adapt
to both cold-blooded and warm hlooded hosts remains a mystery [18]. Moreover, there is no
reliable evidence that ccroi.aviruses live in hosts other than mammals and birds [19].
Therefore, there is probacly a mammal intermediate host for 2019-nCoV [20]. On March 19,
2020, a published article showed that the Pangolin-CoV genome exhibited 91% and 90.6%
nucleotide identity with SARS-CoV-2 and BatCoV RaTG13, respectively. This study provides
the first report of a potential closely related kin (Pangolin-CoV) of SARS-CoV-2, which was
discovered from dead Malayan pangolins (Manis javanica), identifying the pangolin a possible
intermediate host of the 2019-nCoV [15, 20]. Although current understanding mostly points
to the pangolin as the most likely intermediate host for the new coronavirus, it is possible
other animals as also may be intermediate hosts. Generally, coronaviruses are well-known to
have many intermediate animal hosts. In 2003, studies showed that the palm civet (Paguma
larvata) is the major intermediate host of SARS-CoV, but other reports also suggest that the

raccoon dog (Nyctereutes procyonoides) and ferret badger (Melogale moschata) play a similar role
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as intermediate hosts [21]. Consequently, even with the uncovering of the Pangolin-CoV,

additional searching for other probable intermediate hosts should be continued (Figure 3).

With increasing cases of infection with 2019-nCoV, several studies have proposed that
human-to-human transmission is a probable route for the COVID-19 outbreak. These studies
are supported by the number of infection cases that happened within families and among
people who did not visit the local animal market in Wuhan [22]. The virus mainly spreads
from one person to another, usually through close contact or through respiratory drops
produced when the infected person coughs or sneezes, which is why it is important to keep
more than two meters (6 ft 7 in) away from a sick person [2]. However, it is not just sneezing
or coughing that is the source of transmission of the coronay'cus infection. There are other
ways to transmit the virus to include spreading from one pecso. to another through surfaces
that have been touched by the infected person, especially arer studies have demonstrated
that the virus remains alive on surfaces for possibly u; to 7 days [23, 24]. People can then
develop COVID-19 disease when they come into cratact with these objects or surfaces and
then touch their eyes, nose or mouth. Moreover, stidics to date indicate that 2019-nCoV is
transmitted primarily through contact with respiratory droplets rather than through the air.
A person who suffers from a mild cough ~~d Joes not feel ill can infect COVID-19. There is
another way in which coronavirus can sp-cad among people through feces transmission, but
this route of infection is limited. According to recent research from the CCDC, the virus may
be present in feces in some infected cu.~5 though; its spread through this pathway is not a
major feature of the outbreak [2F5, 24|. Nevertheless, given the risks involved, this is another

reason to maintain good hygien- atwcr using the toilet and before eating.

At this time, very little is known regarding the effect of 2019-nCoV on pregnant women and
infants and there are cuivenily no special recommendations for pregnant women regarding
the disease [27]. The CDC does not have any evidence indicating the possibility of negative
pregnancy outcomes for pregnant women with COVID-19, although two of the other
coronaviruses SARS-CoV and MERS-CoV have been associated with more severe diseases
and greater mortality in pregnant women [28, 29]. A report by the China-WHO Joint Mission
published in mid-February 2020 showed that in 147 pregnant women infected with 2019-
nCoV, 8% of the cases were considered severe and 1% were critical [30]. These numbers
appear to be comparable with non-pregnant infected cases. Another article published on
March 7, 2020, showed clinical data from nine pregnant women in China with confirmed
COVID-19 pneumonia. The physical appearance of these patients with COVID-19 infection
during pregnancy were similar to those of non-pregnant adults with COVID-19. None of the

nine patients developed severe pneumonia or died [30]. In the limited number of available
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cases in which newborns were born from mothers with 2019-nCoV, no children were infected
with the virus. In addition, the virus did not appear in samples of amniotic fluid surrounding
the fetus while in uterus. Furthermore, 2019-nCoV does not pass through the placenta [27].
No scientific studies have been done on the 2019-nCoV and breast milk. A newborn in
London has tested positive for 2019-nCoV, just minutes after being born to a mother who was
also infected with the virus, according to news reports. This is not the first case because the
Chinese authorities confirmed that an infant in Wuhan, China, had tested positive for the
2019-nCoV thirty hrs after being born; the baby's mother was a COVID-19 patient. Reliable
data is needed to understand how these infants are infected, and whether transmission of the

virus to the fetus occurs pregnancy or sometime during or afte: delivery.

Despite the wide spread of 2019-nCoV, it appears that chilcrer, m general, well tolerate the
virus presenting few complications [31]. Significantly, this pottern is similar to previous CoV
epidemic outbreaks, such as SARS-CoV and MERS-C-V, .vhose symptoms did not widely
appear in children. No child died during the SARS-CoV ¢pidemic in 2003 with the majority of
the 800 deaths in people over the age of 45 years [22). Furthermore, it is not surprising that
these viruses lead to only mild inflammation ir. rni'dren and more serious diseases in adults.
The most prominent examples of this in “stcv is smallpox, which had a minor effect on
children but was catastrophic in adults {35, 34]. Children recover quickly and in general,
completely while it severe complicatior.. to include death result in adults [35]. Adults may be
more susceptible to the virus becaus: . =y are more likely to be infected with other diseases
such as diabetes, high blood pressu.= or heart disease, which weakens their ability to ward
off infection. In a large study, ‘~hu.ese researchers examined the results of infection with the
2019-nCoV in more than 2010 ¢ firmed or suspected childhood cases. It was found that just
over half of the children "au mild cold-like symptoms or did not have symptoms at all [33].
Presently, children appe.+ 0 be the least affected by the consequences of the disease and the
number of infected chilc.en (under 19 years old) has not exceed 2% of all infected people in
the world and there are no deaths under the age of 9 years [34]. Scientists cannot fully explain
this phenomenon but there are some medical theories that may explain. Indeed, contrary to
the general perception, a child's immune system is more efficient than adults. For example,
adults are 25 and 10 times more likely to die from chickenpox and seasonal influenza than

children, respectively [36].

SARS-CoV-2 is believed to be from the bat and is therefore primarily able to survive and
thrive in the internal organs of animals. The transmission of SARS-CoV-2 from humans to
pets has not yet been established. However, a study has considered the opportunity of

human-transmission-animal. SARS-CoV was isolated from a pig during a survey for probable
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ways of viral transmission after a SARS epidemic in 2003 in China. Sequence and
epidemiology analyses proposed that the pig was infected by a SARS-CoV of human origin
[37].

3. Symptoms

If someone is infected with the 19-nCoV, the first symptoms usually appear after five to six
days, according to the WHO reports [2]. However, there are individual cases, in which the
incubation period of the virus can last for up to 40 days with a median incubation period of
14 days [38]. The incubation period for severe cases may be different compared to mild cases
and depend on the age of the patient and their immune response. This period tended to be
shorter among patients > 70 years (11.5 days) than those agea - 70 years (20 days) [38]. The
symptoms of COVID-19 are usually like a normal cold ard 1fluenza and do not become
severe. However, it is different for people suffering ‘ro..~ underlying diseases such as
diabetes, heart, lung and other diseases. In this case, the discase can take on critical forms that
sometimes lead to death. Some people have no <ymptoms (mild pneumonia). The most
common symptoms of COVID-19 according to a rerent "WHO report that was done on more
than 70,000 cases in China are the following: f.ve: (in 88% of cases), dry cough and sore
throat (68%), fatigue (38%) and diarrhea /:7%), *which were similar to SARS-CoV and MERS-
CoV [39, 40]. Furthermore, severe shortn.-s of breath occurred in nearly 20% of cases and
around 13% had a sore throat or scere headache. Generally, 19-nCoV is a member of
coronaviruses family that usually att:c< “he respiratory system. Some patients are disposed to
various complications to include acu'= respiratory distress syndrome, acute heart injury and

secondary infection with bacter.. (Figure 4) [41].

The virus first infects the lini-o cells of the throat, trachea and lung, transforming these cells
into virus factories th~t ,roouace huge amounts of viruses that infect more cells. The high
temperature and feeling o1 general malaise are caused by the response of the immune system
to the virus and sending signals to the body to release cytokines. However, the virus disrupts
the immune response and the body gets more inflammation than needed [42]. Inside the
lungs, oxygen travels to the blood but in the case of severe pneumonia, the alveoli begin to fill
with water and may cause shortness of breath. In some cases, this results in coughing with
sputum, which is a thick mucus that contains lung cells killed by the 19-nCoV. The problem
may not be limited to the lungs, as 19-nCoV attacks other important organs in the body to
include the kidneys, which may lead to organ failure [43]. A recent study found that the
virus might affect renal tubular cells and testicular cells due to the high expression of ACE2,
which is often found in the membranes of the lungs, kidneys cells and cells in seminiferous

ducts of the testis. Consequently, 19-nCoV may directly bind to such ACE2 bearing cells and
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damage the kidney and testicular tissue of patients [44]. Nevertheless, incomplete evidence is
presented concerning the involvement of reproductive organs in patients infected with 2019-
nCoV. Researchers have detected new symptoms of infection with the 19-nCoV, related to the
digestive system, such as loss of appetite, diarrhea, vomiting and major disorders of the
digestive system. Patients who had digestive problems related to the 19-nCoV tended to
worsen compared to patients without symptoms of the digestive system. The 19-nCoV
destroys the gastrointestinal bacteria leading to these symptoms in the digestive system [45].
The first two patients, who died in Wuhan, seemed to be in good health although they had
been smoking for a long time and this lead to a weakening of their lungs. The first 61 years
old patient had acute pneumonia upon arrival at the hosp’tal. He had acute respiratory
distress syndrome despite the use of a respirator, his lungs f='ea, and his heart stopped. He
died after 11 days of being hospitalized. The second patien., = 69-year-old man had acute
respiratory distress syndrome. He died as a result of acu‘*e pneumonia and septicemia [46].

More research is need to understand the causes of thesc sy.nptoms.

The 2019-nCoV clinical diagnosis depends on the sy.nptoms, travel history to a country
known to have the disease, and/or exposure to 2.1 ‘nfected person. The WHO has published
several testing procedures for COVID-201°. Ti.» most common way of testing is using real-
time reverse transcription polymerase cha.~ .eaction (RT-PCR) [46]. The test may be done on
respiratory samples, which can be obta™ by several ways to include nasopharyngeal swab or
sputum samples. Generally, results ¢re ~vailable within a few hours to two days. Blood tests
can be used but these require twc vinod samples taken two weeks apart and the results have
little immediate value. This technique works in detecting the 19-nCoV by identifying the
antibodies in the patient bleod. These antibodies are released shortly after infection, and their
presence confirms the presei.ce of the virus regardless of symptoms. A study by a Chines
team found that compu.~a tomography (CT) scans displayed ground-glass opacities in 56%
of the cases but 18% huu no radiological results [47]. Bilateral and peripheral ground glass
opacities are the most typical CT findings. The use of lung x-rays is only suitable for patients
with severe symptoms, which means that this technique is not suitable for diagnosing the
disease in its early stages. Therefore, several pharmaceutical companies and research
organizations are racing to develop more effective and rapid test kits to detect 19-nCoV
among people suspected with infection in few minutes and without the need to transfer

samples to central laboratories.

4. Epidemiology
The rapidly spreading 2019-nCoV outbreak continued to upend life around the world as

more countries tighten quarantine measures. On March 11, the COVID-19 outbreak was
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characterized as a pandemic by the WHO. The disease is still spreading around the world
and the viral infection has already reached small islands and African countries. In December
8, 2019, SARS-CoV-2 was first reported in Wuhan, Hubei province and spread to the rest of
China [48]. As of April 14, 2020, the number of COVID-19-diagnosed patients increased to
1,948,617 cases in 210 countries and territories around the world and two international
conveyances. So far, the number of those recovering has reached about 460,541 while 121,846
have died from the disease (case-fatality rate: 6.25%) (Figure 5). Although, COVID-19 has
killed more people than other coronaviruses, the case fatality rate of SARS-CoV-2 is less than
that of SARS-CoV and MERS-CoV, which are 10-12% and 36%, respectively [49].

The most up-to-date source for the epidemiology of this emerg g pandemic can be found at
the WHO COVID-19 situation board. Currently, the US has mce COVID-19 cases than any
other country (588,465 cases, 23,711 deaths, case-fatality r7.cc. 4.U2%). The first case of human-
to-human transmission of COVID-19 was reported in the Us on January 30, 2020. Now, all 50
states have reported cases of COVID-19. The other coutries with the most cases are Spain
(172,541 cases, 18,056 deaths, case-fatality rate: 10.5%), 1:2ly (159,516 cases, 20465 deaths, case-
fatality rate: 12.8% the highest fatality rate aricng other countries), France (136,779 cases,
14,967 deaths, case-fatality rate: 10.9%), Corn.any (130,694 cases, 3,261 deaths, case-fatality
rate: 2.5% the lowest fatality rate), Unitea ¥.ngdom (93,873 cases, 10,107 deaths, case-fatality
rate: 10.7%), China mainland (82,249 -ases, 3,341 deaths, case-fatality rate: 4.06%), and the
Islamic Republic of Iran (74,877 cases 4,0%3 deaths, case-fatality rate: 6.25%) (Figure 6).

Persons of any age can be infect:1 b,” SARS-CoV-2, while adults of middle age and older are
most generally affected. In moct studies of hospitalized patients with clinically confirmed
COVID-19, the average age 1ong=d from 48 to 58 years [46]. In a case report from the CCDC,
which included 44,500 ccnfir ned infections, 87% of patients were between 30 and 79 years
old. Older age was also .ssociated with increased mortality due to previous diseases, with
case fatality rates of 8-15% among those aged 70 to 80 years or older [50]. Similar results were
found in Italy, with case fatality rates of 12-20% among those aged 70 to 80 years or older [51].
A report of 460 COVID-19 patients who died in Italy showed a number of previous diseases
that might have increased their risk of death. The median age of these patients was 79.5 years.
Of patients who died, 117 (25.4%) had ischemic heart disease, 126 (27.4%) had diabetes, 72
(15.7%) had cancer, 87 (18.9%) had atrial fibrillation, 24 (5.2%) had dementia, and 34 (7.4%)
had had a stroke [52]. In the US, more than 3000 patients were diagnosed with COVID-19
between February 10 and March 15, 2020. Of these 67% were aged > 45 years. This is similar
to reports from China where mortality was highest among older individuals with 80% of
deaths occurring in those aged > 65 years (http://dx.doi.org/10.15585/mmwr.mm6912e2).
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It is becoming apparent that SARS-CoV-2 may also discriminate by sex with men more likely
to test positive and more likely to die from the disease. This trend was first seen in China
where one analysis found a fatality rate of 2.8% in men compared with 1.7% in women [53].
Since then, the pattern has been mirrored in France, Germany, Iran, Italy, South Korea and
Spain. At this point in time, most theories about why the virus might be hitting men harder
than women are speculative. In many countries, and especially in China, men are more likely
to smoke than women, which is a risk factor for developing more severe forms of COVID-19.

Moreover, Females generally having greater or more robust immune responses than males
[54].

5. Therapeutics and available treatment options

Unfortunately, no medicine or anti-virus vaccine has yet "eer officially approved to treat
COVID-19-associated pathologies. At present clinical 1. anagement includes infection
prevention, control measures and supportive care ii.-luwng supplementary oxygen and
mechanical ventilation when indicated. While many coutries are working toward a vaccine
against SARS-CoV-2, it is almost certain that there v/ll . 2 no vaccine available before the end
of this year. Therefore, pressure has built to finc anther drug to effectively counter the virus.
This effort has mostly focused on repurpu.sing existing medicines. Health officials from the
WHO have noted many drugs that demo:.~'rated efficacy in treating the 2019-nCoV infection.
The main treatment so far for this virus is using antivirals, which weaken the ability of
viruses to enter cells and prevent t'eun rom multiplying or moving from infected cells to
others. Antibiotics have no role ir. tirating COVID-19 patients, but they can be used in the

case of a secondary bacterial inf. ~tiovs.

Since the disease first appearcd i1 December 2019 in China, this country has begun to test the
effectiveness of different “vpes of drugs used previously to treat other diseases to include
malaria and HIV drugs, . ntivirals, blood plasma derivatives and arthritis drugs [55]. China
has relied on the use of the anti-viral drug Favilavir to treat the symptoms of COVID-19. This
medication was initially developed by Toyama Chemical to treat nose and throat infections
[56]. Although the results of the study have not yet been published, it is assumed that the
drug has proven effective in treating symptoms of COVID-19 in a clinical trial of more than
70 patients with minimal side effects. Favilavir is an antiviral drug that was approved in
Japan in 2014 to treat influenza. It currently also has been approved for treating COVID-19 in
these countries [57]. Favilavir is not currently approved by the U.S. Food and Drug
Administration (FDA) [55]. Another anti-virus drug, Remdesivir showed efficacy by resisting
two viruses similar to Covid-19, SARS-CoV and MERS-CoV, in animals [58]. Remdesivir (GS-
5734) is a broad-based antiviral drug originally designed to target Ebola and was developed
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by Gilead Sciences. It inhibits viral replication through premature termination of RNA
transcription, which disrupts the virus's ability to reproduce [56]. China announced that
clinical trials of remdesiver, have officially started in a number of hospitals in Wuhan to test
its efficacy against COVID-19. Moreover, one clinical trial has also been approved by the FDA
in the United States. On January 19, 2020, remdesiver was given to a 35-year-old man in
Washington State. He has recovered from COVID-19 [59]. However, the efficacy and safety of
remdesiver in patients with 2019-nCoV infection still need to be further confirmed by clinical
studies.

Chloroquine and Hydroxychloroquine are drugs used to treat malaria, as well as
chemoprophylaxis; and certain inflammatory conditions to mclude rheumatoid arthritis,
lupus and the blood disorder porphyria cutanea tarda, re-pectively. They have been
approved by the FDA to be tested against COVID-19 [60]. i*esearchers have found that both
drugs have in vitro activity against SARS-CoV and £ AKS CoV-2, with hydroxychloroquine
having relatively higher potency against SARS-Col\-2. Based on these results, chloroquine
and hydroxychloroquine are currently recommendec to. treatment of hospitalized COVID-19
patients in several countries, including in the 'J S. A Chinese study showed that when
chloroquine was tested on more than 107 p.tents, it had superior results compared to a
control drug inhibiting the exacerbation c. pneumonia, improving lung-imaging findings,
promoting a virus negative conversiorn. and shortening the disease course [61, 62]. However,
both chloroquine and hydroxychloroune are never used to prevent COVID-19 because
there are frequent side effects as,oc’aied with their uses, such as worsening vision, nausea,
digestive disorders and more sc 7ere cases can lead to heart failure.. A man in Arizona died
and his wife was in criticel ccdition after taking chloroquine prophylactically to prevent
SARS-CoV-2 infection.

In 2003, protease inhibito.s lopinavir/ritonavir (anti-retroviral drugs) showed activity against
SARS-CoV and was associated with improvement in some patients [63, 64].
Lopinavir/ritonavir are sold under the name Kaletra by AbbVie and are designed to treat HIV
(AIDS). To evaluate the efficacy of lopinavir/ritonavir for SARS-CoV-2 infection, 99 patients
with positive infections were treated with lopinavir/ritonavir. No benefit was observed with
lopinavir/ritonavir treatment compare to standard care [65]. However, in South Korea, a 54-
year-old man was given a combination of these two medications and had a significant and
substantial decrease in the levels of the [-coronavirus [66]. According to the WHO, there may
be benefits to using lopinavir/ritonavir with other drugs such as interferon-3, oseltamivir or

ribavirin [57].
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Several studies have also exposed some other drugs may have probable efficiency in
treatment of COVID-19 patients. In China, the use of Tocilizumab for the treatment of severe
complications related to SARS-CoV-2 has been approved. Tocilizumab, marketed as Actemra,
has been used to treat patients with moderate to severe rheumatoid arthritis to lower
inflammation. An initial clinical trial in China used tocilizumab on 20 acute COVID-19
patients. Nineteen patients (95%) were cured and discharged from hospital within two weeks
[67]. The FDA has officially approved a phase 3 trial of Actemra in severe COVID-19 patients.
Darunavir is another anti-retroviral HIV-1 protease inhibitor. In vitro study was done in
February 2020, by Chinese researchers has showen darunavir significantly inhibited SARS-
CoV-2 replication and its inhibition efficacy was more than that in the untreated group by
280-fold [68]. An anti-parasitic drug called ivermectin has beer. shown to be effective against
the SARS-CoV-2 virus in an in-vitro study by researchers at Mo ash University in Melbourne,
Australia [69]. Further clinical trials need to be completec. (~ confirm the effectiveness of the
drug in humans with COVID-19.

The FDA has approved the using of blood plasma ‘ror: patients who have recovered from
COVID-19 with a high neutralizing antibody titer ar4 thcy may be a valuable donor source of
convalescent plasma (CP) [70]. CP is a classic « cartive immunotherapy, has been applied to
the prevention and treatment of many iri -ticis diseases for more than one century. This
plasma therapy may be more effective n i is given to COVID-19 patients early to eliminate
the virus before it causes serious dam. ce in their lungs. This procedure was used during the
deadly influenza outbreak in 1918, 2.1 2150 as a treatment for measles in the 1930s. In recent
years, plasma therapy has been u-el for Ebola, SARS and HINI victims [71, 72]. Some
studies indicate that plasma his ~ad some success in reducing symptoms and deaths in
previous epidemics. During the S-.RS epidemic in 2003, a study of 80 patients in Hong Kong
showed that they had a cha~.e to recover within two weeks of symptoms following CP
therapy as compared ‘o other patients [72]. As there is a similarity between SARS and
COVID-19, CP therapy night be a hopeful treatment option for COVID-19 patients. After
studies conducted in China to measure the effectiveness of CP therapy, and their impact on
the condition of those treated and recovered from infection with the 2019-nCoV, hospitals in
New York City are preparing to use the plasma blood of those recovering from the 2019-
nCoV as a potential antidote to the disease [73, 74]. However, there is a small possibility of
risk of using CP therapy by transmission of some blood-borne pathogen to include human
immunodeficiency virus (HIV), hepatitis B virus (HBV), or hepatitis C virus (HCV) [75].At
least 10 proposed drugs/vaccines for SARS-CoV-2 are under development. Researchers hope
to start the first stage of clinical trials within 4 weeks. These will be small trials that are first
conducted on healthy people to ensure the safety of the vaccine. Second stage trials start
within approximately 8 months, during which the effectiveness of the vaccine will be tested
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in a large group of people. It is estimated that it may take around 12-18 months before a
vaccine becomes available. Healthcare biotechnology company Entos Pharmaceuticals is
developing a DNA vaccine for the prevention of COVID-19 infections using its Fusogenix
naomedicine platform. Fusogenix, a proprietary proteo-lipid vehicle (PLV) for genetic
medicines, enables the formulation of effective DNA vaccines that can be administered like
the flu vaccine. The vaccine payload will be plasmid DNA encoding multiple antigens from
key SARS-CoV-2 proteins to promote maximum protection. AT-100, a recombinant form of
human surfactant protein-D (rhSP-D), was developed by Airway Therapeutics as a treatment
for COVID-19. It has been shown to be effective in preclinical studies in reducing
inflammation and infection in the lungs, while also generating an immune response against
various respiratory diseases [76]. Canada’s Medicago has succ.ssfully produced a Virus-Like
Particle (VLP) of the SARS-CoV-2 just 20 days after obtainiig .he SARS-CoV-2 gene. This is
an important step in developing a usable vaccine. VilI-uke particles are multiprotein
structures that resemble native viruses but do not contaia u:2 viral genome and thus, are safe.
They can be used to stimulate a body's ability to rroc'uce antibodies and stimulate cellular
immunity with the aim of responding to the virus w."out the risk of infection [77]. I-Mab
Biopharma is developed TJM2, a neutralizing -n.body, as a treatment for cytokine release
syndrome common in patients suffering from 1 scvere infection of SARS-CoV-2. TIM2 targets
the human granulocyte-macrophage oloiy stimulating factor (GM-CSF), which is
responsible for acute and chronic inflimma.on [78]. TZLS-501 is developed by Tiziana Life
Sciences as a monoclonal antibody to treat COVID-19. It is a human anti-interleukin-6
receptor antibody, which helps prevert wung damage and elevated levels of IL-6 during the
disease. Early tests have shown that this treatment rapidly depletes circulating levels of IL-6
in the blood [79]. ChAdOx1 nC.V-19Y is a vaccine currently being investigated for prophylaxis
against SARS-CoV-2. The C-~AaJx1 viral vector was developed at the University of Oxford
and originally developed aganst MERS-CoV. The ChAdOx1 nCoV-19 vaccine, produced in a
partnership between The University of Oxford's Jenner Institute and Italian pharmaceutical
manufacturer Advent S.i, consists of an attenuated adenovirus capable of producing the
spike (S) protein of SARS-CoV-2, allowing for the formation of endogenous antibodies
against these proteins and, consequently, against SARS-CoV-2 [80].

Currently, there is no conclusive evidence that ibuprofen and other anti-inflammatory drugs
increases the risk of serious complications or of acquiring the virus that causes COVID-19.
There is also no conclusive evidence that taking anti-inflammatory drugs is harmful for other
respiratory infections [81].

6. Guidelines to prevent the spread of SARS-CoV-2 infection
Vaccine development takes time. Thus, for now it remains extremely important to follow

guidance on social separation, frequent hand washing and disinfecting your homes and
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workplaces [82]. Several reports show that SARS-CoV-2 may spread more easily and cause
life-threatening illness compared to other CoV viruses. Like other coronaviruses, it can
survive in the air for up to 3 hrs and may stay on plastic for 72 hrs, 48 hrs on stainless steel, 24
hrs on cardboard and 4 hrs on copper [83]. However, SARS-CoV-2 multiplies fastest in the
body even when an infected person does not show symptoms, and can be passed to other.
The Prophet of Islam Mohamed (peace and blessings of Allah be upon him) recommended
hygiene and quarantine during a pandemic, more than 1440 years ago. Hadiths of the
Prophet (Sayings and Teachings) in this context, one of which is: If you heard about plague in
a land, do not enter it, and if it occurred in a land while you are there, do not leave it. The
WHO and other organizations have issued some basic gu delines to prevent COVID-19
including (i) washing your hands frequently and carefullv:, especially after contact with
infected people or their environment; (i) avoid touching yo v e including mouth, nose and
eyes; (iii) cover your mouth and nose when coughing ar.a sncezing; (iv) take social distancing
seriously by keeping a distance of 6 feet from other yc.ni; and (v) self-quarantine if sick and
wear a mask when you need medical care [84, 85|. Turthermore, the WHO announced a
document regarding the laboratory biosafety giuo.nce related to the 2019-nCoV. Healthcare
providers and researchers must wear FFP3 ¢- NJ75 masks and other protective gear when
around COVID-19 patients [85]. For heal ny people wearing a mask may not be the best way
to prevent getting an infection. 2019-nCoV may likely be susceptible to disinfectants with
proven activity against enveloped rus3s, including bleach (sodium hypochlorite), 70%
ethanol, 0.5% hydrogen peroxide, <uaternary ammonium compounds and phenolic
compounds, if used according tc manufacturer’s recommendations. Other biocidal agents
such as 0.05-0.2% benzalkonuom chloride or 0.02% chlorhexidine digluconate can be less
effective [86, 87].

Although some evidence suggests that warmer weather may slow the spread of the virus
[88], the WHO continue. to recommend the following of all official guidelines. It is still too
early to know how SARS-CoV-2 interacts with hot weather but the spread of other

coronaviruses were slowed in warmer environments.

7. Conclusion

The outbreak of COVID-19 spread across China rapidly and has spread to 199
countries/territories/areas outside of China as of March 29, 2020. Drug discovery against
SARS-CoV-2 is a challenging process but is vital. Furthermore, anti-virus vaccine
development is also significant to counter this epidemic. Therefore, more structural biology
details and details about the 2019-nCoV life cycle are needed. These likely will accelerate the
development of drugs and/or vaccine against SARS-CoV-2. Likewise, it is very important to
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continue to follow the WHO guidelines to prevent the spread of COVID-19 until acceptable

drugs and vaccines have been developed.

List of abbreviations

SARS: Severe Acute Respiratory Syndrome

MERS: Middle East Respiratory Syndrome

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus-2
COVID-19: Coronavirus Disease 2019

WHO: World Health Organization

FDA: Food and Drug Administration

AlphaCoV: Alpha-coronavirus

BetaCoV: Beta-coronavirus

DeltaCoV: Delta-coronavirus

GammaCoV: Gamma-coronavirus

CDC: Centers for Disease Control and Prevention

RT-PCR: Real-Time Reverse Transcription Polymerace (ain Reaction
CT: Computed tomography

VLP: Virus-Like Particle

IL-6: Interleukin-6

Declarations
Ethical approval

No ethical approval required.

Sources of funding
No funding received.

Author contribution
Conceptualization, TM.A.: data curation, resources, writing original draft, editing, approval
of final article. TM.A & ].D.S. supervision, writing and editing. All authors read and

approved the final manuscript.

Conflicts of Interest

The authors declare no conflict of interest.

Acknowledgements
We acknowledge the efforts of communities around the world toward reducing the impact of

the COVID-19 pandemic on vulnerable populations.

References
15



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Lu, H., C.W. Stratton, and Y.-W. Tang, Outbreak of pneumonia of unknown etiology in Wuhan, China:
The mystery and the miracle. Journal of Medical Virology, 2020. 92(4): p. 401-402.

Li, Q., et al., Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus—Infected Pneumonia.
New England Journal of Medicine, 2020.

Chen, N., et al., Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study. The Lancet, 2020. 395(10223): p. 507-513.

Nijuan, X., et al., Use of National Pneumonia Surveillance to Describe Influenza A(H7N9) Virus
Epidemiology, China, 2004-2013. Emerging Infectious Disease journal, 2013. 19(11): p. 1784.
Organization, W.H., Clinical management of severe acute respiratory infection when novel coronavirus
(nCoV) infection is suspected: interim guidance. Published January, 2020. 28.

Whitworth, J., COVID-19: a fast evolving pandemic. Trans R Soc Trop Med Hyg, 2020.

Weiss, S.R. and S. Navas-Martin, Coronavirus pathogenesis and the emerging pathogen severe acute
respiratory syndrome coronavirus. Microbiol Mol Biol Rev, 2005. 69(4): p. 635-64.

Zumla, A., et al., Coronaviruses - drug discovery and therapeutic - otions. Nat Rev Drug Discov, 2016.
15(5): p. 327-47.

Su, S., et al., Epidemiology, Genetic Recombination, and Pc‘hoo 2nesis of Coronaviruses. Trends
Microbiol, 2016. 24(6): p. 490-502.

Falsey, A.R. and E.E. Walsh, Novel coronavirus and sever : a.''*2 respiratory syndrome. Lancet, 2003.
361(9366): p. 1312-3.

Christian, M.D., etal., Severe Acute Respiratory Syndrc.me. ( linical Infectious Diseases, 2004. 38(10): p.
1420-1427.

Raj, V.S., et al., MERS: emergence of a novel hun ar coronavirus. Curr Opin Virol, 2014. 5: p. 58-62.
Liu, L., et al., Epithelial cells lining salivary glan 1 u.'~*s are early target cells of severe acute respiratory
syndrome coronavirus infection in the upp-.. » >sp.-atory tracts of rhesus macaques. ) Virol, 2011. 85(8):
p. 4025-30.

Chan, J.F.-W., et al., Genomic characteriz.*ion of the 2019 novel human-pathogenic coronavirus
isolated from a patient with atypical pn.tmonia after visiting Wuhan. Emerging Microbes & Infections,
2020. 9(1): p. 221-236.

Zhang, T., Q. Wu, and Z. Zhang, P. ~he. »’2 Pangolin Origin of SARS-CoV-2 Associated with the COVID-19
Outbreak. Current Biology.

Zhou, P., et al., A pneumon.. ourbreak associated with a new coronavirus of probable bat origin.
Nature, 2020. 579(7798): 0. 2,2-273.

Cui, J., F. Li, and Z.L. Ski, C.77in and evolution of pathogenic coronaviruses. Nat Rev Microbiol, 2019.
17(3): p. 181-192.

Ji, W., et al., Cross-s, ecies transmission of the newly identified coronavirus 2019-nCoV. Journal of
Medical Virology, 20°". 92(4): p. 433-440.

Bassetti, M., A. Vena, and D.R. Giacobbe, The novel Chinese coronavirus (2019-nCoV) infections:
Challenges for fighting the storm. European Journal of Clinical Investigation, 2020. 50(3): p. e13209.
Zhang, C., etal., Protein structure and sequence re-analysis of 2019-nCoV genome refutes snakes as its
intermediate host or the unique similarity between its spike protein insertions and HIV-1. ) Proteome
Res, 2020.

Guan, Y., etal., Isolation and characterization of viruses related to the SARS coronavirus from animals in
southern China. Science, 2003. 302(5643): p. 276-8.

Carlos, W.G., et al., Novel Wuhan (2019-nCoV) Coronavirus. Am J Respir Crit Care Med, 2020. 201(4): p.
P7-p8.

Phan, L.T., etal., Importation and Human-to-Human Transmissionof a Novel Coronavirus in Vietnam. N
Engl J Med, 2020. 382(9): p. 872-874.

Riou, J. and C.L. Althaus, Pattern of early human-to-human transmission of Wuhan 2019 novel
coronavirus (2019-nCoV), December 2019 to January 2020. Euro Surveill, 2020. 25(4).

16



25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44,

45.

46.

47.

48.

Xiao, F., et al., Evidence for gastrointestinal infection of SARS-CoV-2. Gastroenterology, 2020.

Gu, J., B. Han, and J. Wang, COVID-19: Gastrointestinal manifestations and potential fecal-oral
transmission. Gastroenterology, 2020.

Schwartz, D.A. and A.L. Graham, Potential Maternaland Infant Outcomes from Coronavirus 2019-nCoV
(SARS-CoV-2) Infecting Pregnant Women: Lessons from SARS, MERS, and Other Human Coronavirus
Infections. Viruses, 2020. 12(2): p. 194.

Maxwell, C., et al., No. 225-Management Guidelines for Obstetric Patients and Neonates Born to
Mothers With Suspected or Probable Severe Acute Respiratory Syndrome (SARS). ) Obstet Gynaecol
Can, 2017. 39(8): p. e130-e137.

Assiri, A., etal., Middle East Respiratory Syndrome Coronavirus infection during pregnancy: a report of
5 cases from Saudi Arabia. Clinical Infectious Diseases, 2016. 63(7): p. 951-953.

Chen, H., et al., Clinical characteristics and intrauterine vertical transmission potential of COVID-19
infection in nine pregnant women: a retrospective review of medical records. The Lancet, 2020.
395(10226): p. 809-815.

COVID-19in Children: Initial Characterization of the Pediatric Dis~...~e. Pediatrics, 2020.

Kliegman, R.M., et al., Nelson textbook of pediatrics e-book. 207: E sevier Health Sciences.

Lee, P.-l., et al., Are children less susceptible to COVID-19? 'ou: ~al of Microbiology, Immunology and
Infection, 2020.

Zheng, F., et al., Clinical Characteristics of Children with ~~rc navirus Disease 2019 in Hu bei, China. Curr
Med Sci, 2020.

Ludvigsson, J.F., Systematic review of COVID-19 in ck.ldr 2 show milder cases and a better prognosis
than adults. Acta Paediatr, 2020.

Zhou, Y., etal., [Clinical features and chest CT fi1a..-~- of coronavirus disease 2019 in infants and young
children]. Zhongguo Dang Dai Er Ke Za Zhi 2c20. ?2(3): p. 215-220.

Chen, W., et al., SARS-associated coro:. v/ us transmitted from human to pig. Emerging infectious
diseases, 2005. 11(3): p. 446-448.

Wang, W., J. Tang, and F. Wei, Upda.~d understanding of the outbreak of 2019 novel coronavirus
(2019-nCoV) in Wuhan, China. Journa. . f Medical Virology, 2020. 92(4): p. 441-447.

Yang, Y., et al., Epidemiological -..~d o' iical features of the 2019 novel coronavirus outbreak in China.
medRxiv, 2020.

Wang, L.-s., et al., A review of the 2019 Novel Coronavirus (COVID-19) based on current evidence.
International Journal of Antii. icrobial Agents, 2020: p. 105948.

Chen, N., et al., Epide:io.~yical and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuban, Chir a: a descriptive study. The Lancet, 2020. 395(10223): p. 507-513.

Lei, J., et al., CT Ima.ing of the 2019 Novel Coronavirus (2019-nCoV) Pneumonia. Radiology, 2020.
295(1): p. 18-18.

Li, Z., et al., Caution on kidney dysfunctions of 2019-nCoV patients. MedRxiv, 2020.

Fan, C., et al., ACE2 Expression in Kidney and Testis May Cause Kidney and Testis Damage After 2019-
nCoV Infection. medRxiv, 2020: p. 2020.02.12.20022418.

Zhang, Y. and J.M. Xu, [Medical diagnosis and treatment strategies for malignant tumors of the
digestive system during the outbreak of novel coronavirus pneumonia]. Zhonghua Zhong Liu Za Zhi,
2020. 42(0): p. EQOS.

Huang, C., et al., Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China.
Lancet, 2020. 395(10223): p. 497-506.

Zu, 2.Y., et al., Coronavirus Disease 2019 (COVID-19): A Perspective from China. Radiology. 0(0): p.
200490.

Cascella, M., et al., Features, Evaluation and Treatment Coronavirus (COVID-19), in StatPearls. 2020,
StatPearls Publishing

StatPearls Publishing LLC.: Treasure Island (FL).

17



49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Mahase, E., Coronavirus: covid-19 has killed more people than SARS and MERS combined, despite lower
case fatality rate. BMJ, 2020. 368: p. m641.

Wu, Z. and J.M. McGoogan, Characteristics of and Important Lessons From the Coronavirus Disease
2019 (COVID-19) Outbreak in China: Summary of a Report of 72314 Cases From the Chinese Center for
Disease Control and Prevention. Jama, 2020.

Onder, G., G. Rezza, and S. Brusaferro, Case-Fatality Rate and Characteristics of Patients Dying in
Relation to COVID-19 in Italy. Jama, 2020.

Saglietto, A., et al., COVID-19in Europe: the Italian lesson. The Lancet.

Guan, W.-j., etal., Clinical Characteristics of Coronavirus Disease 2019 in China. New England Journal of
Medicine, 2020.

Yang, S., et al., Early estimation of the case fatality rate of COVID-19 in mainland China: a data-driven
analysis. Ann Transl Med, 2020. 8(4): p. 128.

Li, G. and E. De Clercq, Therapeutic options for the 2019 novel coronavirus (2019-nCoV). Nat Rev Drug
Discov, 2020. 19(3): p. 149-150.

Li, H., et al., [Potential antiviral therapeutics for 2019 Novel Coror..*'ir..-]. Zhonghua Jie He He Hu Xi Za
Zhi, 2020. 43(3): p. 170-172.

Elfiky, A.A., Anti-HCV, nucleotide inhibitors, repurposing ago ns. ~OVID-19. Life Sciences, 2020. 248: p.
117477.

Wang, M., etal., Remdesivirand chloroquine effectively ‘~hi. it the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Research, 2020. 30(3): p. 26¢ 271.

Holshue, M.L., etal., First Case of 2019 Novel Coronav’ us .. the United States. New England Journal of
Medicine, 2020. 382(10): p. 929-936.

Dong, L., S. Hu, and J. Gao, Discovering drugs tr. tr. ~t coronavirus disease 2019 (COVID-19). Drug Discov
Ther, 2020. 14(1): p. 58-60.

[Expert consensus on chloroquine phos,~hr.te for the treatment of novel coronavirus pneumonia].
Zhonghua Jie He He Hu Xi Za Zhi, 2020. 43(3,. . 185-188.

Gao, J., Z. Tian, and X. Yang, Breakthr. 1\gh: Chloroquine phosphate has shown apparent efficacy in
treatment of COVID-19 associated in :.-™10nia in clinical studies. Biosci Trends, 2020. 14(1): p. 72-73.
Chu, C.M., et al., Role of lopinr. /i *.navir in the treatment of SARS: initial virological and clinical
findings. Thorax, 2004. 59(3): n. ?52-u.

Chan, K.S., et al., Treatme.,.* o] severe acute respiratory syndrome with lopinavir/ritonavir: a
multicentre retrospective ma..hed cohort study. Hong Kong Med J, 2003. 9(6): p. 399-406.

Cao, B., et al., A Trial of ' o = avir-Ritonavir in Adults Hospitalized with Severe Covid-19. New England
Journal of Medicin=, 2120.

Lim, J., et al., Case o, the Index Patient Who Caused Tertiary Transmission of COVID-19 Infection in
Korea: the Applicatin~ of Lopinavir/Ritonavir for the Treatment of COVID-19 Infected Pneumonia
Monitored by Quantitative RT-PCR. Journal of Korean medical science, 2020. 35(6): p. e79-e79.
Zhang, Q., et al., Clinical trial analysis of 2019-nCoV therapy registered in China. Journal of Medical
Virology. n/a(n/a).

Dong, L., S. Hu, and J. Gao, Discovering drugs to treat coronavirus disease 2019 (COVID-19). Drug
discoveries & therapeutics, 2020. 14(1): p. 58-60.

Caly, L., et al., The FDA-approved Drug Ivermectin inhibits the replication of SARS-CoV-2 in vitro.
Antiviral Research, 2020: p. 104787.

Chen, L., et al., Convalescent plasma as a potential therapy for COVID-19. The Lancet Infectious
Diseases, 2020. 20(4): p. 398-400.

Van Griensven, J., et al., Evaluation of convalescent plasma for Ebola virus disease in Guinea. New
England Journal of Medicine, 2016. 374(1): p. 33-42.

Cheng,Y., et al., Useof convalescent plasma therapy in SARS patients in Hong Kong. European Journal
of Clinical Microbiology and Infectious Diseases, 2005. 24(1): p. 44-46.

18



73.

74.

75.

76.
77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Duan, K., etal., Effectiveness of convalescent plasma therapy in severe COVID-19 patients. Proceedings
of the National Academy of Sciences, 2020: p. 202004168.

Jawhara, S., Could Intravenous Immunoglobulin Collected from Recovered Coronavirus Patients Protect
against COVID-19 and Strengthen the Immune System of New Patients? Int J Mol Sci, 2020. 21(7).
MacLennan, S. and J.A. Barbara, Risks and side effects of therapy with plasma and plasma fractions.
Best Pract Res Clin Haematol, 2006. 19(1): p. 169-89.

Crouch, E.C., Surfactant protein-D and pulmonary host defense. Respir Res, 2000. 1(2): p. 93-108.
Roldao, A., etal., Virus-like particles in vaccine development. Expert Rev Vaccines, 2010. 9(10): p. 1149-
76.

Shimabukuro-Vornhagen, A., etal., Cytokine release syndrome. ) Immunother Cancer, 2018. 6(1): p. 56.
Rayner, C.R., etal., Optimizing COVID-19 candidate therapeutics: Thinking Without Borders. Clinical and
Translational Science. n/a(n/a).

Alharbi, N.K., etal., ChAdOx1 and MVA based vaccine candidates against MERS-CoV elicit neutralising
antibodies and cellularimmune responses in mice. Vaccine, 2017. >’«(30): p. 3780-3788.

Sodhi, M. and M. Etminan, Safety of Ibuprofen in Patients wit.. ©C ‘/ID-19; Causal or Confounded?
Chest, 2020.

Xiao, Y., etal., Prevention of SARS-CoV-2infection in patients win, decompensated cirrhosis. The Lancet
Gastroenterology & Hepatology.

van Doremalen, N., etal., Aerosol and Surface Stability ~* S~.8S-CoV-2 as Compared with SARS-CoV-1.
New England Journal of Medicine, 2020.

lin, Y.-H., et al., A rapid advice guideline for the diar nos'< and treatment of 2019 novel coronavirus
(2019-nCoV) infected pneumonia (standard vers or,. Military Medical Research, 2020. 7(1): p. 4.
Wang, P., et al., The SARS-CoV-2 Outbreak: Dia.»wsis, Infection Prevention, and Public Perception.
Clinical Chemistry, 2020.

in Infection Prevention and Control of E, idr mic- and Pandemic-Prone Acute Respiratory Infections in
Health Care. 2014: Geneva.

Rabenau, H.F., et al., Efficacy of vario. - disinfectants against SARS coronavirus. ) Hosp Infect, 2005.
61(2): p. 107-11.

Wang, J., et al., High Temperatur_ an.' '{igh Humidity Reduce the Transmission of COVID-19. Available
at SSRN 3551767, 2020.

Webster, R.G. and E.A. Gov ~rkova, Continuing challenges in influenza. Annals of the New York
Academy of Sciences, 2014. 1.223(1): p. 115-139.

Sohrabi, C., et al., Wor'? ke ~.th Organization declares global emergency: A review of the 2019 novel
coronavirus (COVIN-11. In :J Surg, 2020. 76: p. 71-76.

Adnan Shereen, M., ~t al., COVID-19 infection: origin, transmission, and characteristics of human
coronaviruses. Journ=! of Advanced Research, 2020.

19



A

E-protein

B

S-protein

M-protein g %

E

Figure 1. Structure of SARS-CoV-2. (A) [lustration ~f tie SARS-CoV-2 virion created at the
Centers for Disease Control and Prevention (CDC) ‘rthe spikes on the outer edge of the virus
particles look like a crown, giving the dise-se its characteristic name. (B) Schematic
representation of the structure of SARS-Cu\-z. It has four structural proteins, S (spike), E
(envelope), M (membrane), and N (nucw-capsid) proteins; the N protein holds the RNA
genome, and the S, E, and M protewn's together create the viral envelope. (C) An electron
microscopic image of a thin section ot SARS-CoV-2 within the cytoplasm of an infected cell,

showing the spherical particles an. «ross-sections through the viral nucleocapsid [90].

20



Uncoating
J Genomic RNA (Positive)

W 34
1Translat10n of ORF1a/ORF1b /
\I\.\l\.\f\'\l Vesicle
Transcriptiont
3D 5’ (negative)

Replication ¥

. — aP

Sm——m— s

\ S — > 1\ e stzmbly&
\ 5 B 3 (pe itive) udding
| L PO | Rough ER
. VAVAVAVAYCN
'\ Translanon

Figure 2. The life cycle of SARS-CoV-2 in hume.1 lung cells. Coronavirus is most often
transmitted by droplets while sneezing and cou,tun3 and its journey begins in the first days
after infiltration from the upper respirator *ra-t. The spike proteins of SARS-CoV-2 binds to
ACE2 receptors. The virion then releascs RNA genome into the cell and translation of
structural and non-structural proteins ‘ollows. ORFla and ORFlab are translated to produce
ppla and pplab polyproteins, which a ~ cieaved by the proteases that are encoded by ORF1la
to yield non-structural proteins. Tr.- ic lollowed by assembly and budding into the lumen of
the ERGIC. Virions are then relcascd from the infected cell through exocytosis [91]. NSP, non-
structural proteins; ACE2, A giotensin-Converting Enzyme 2; Rough ER, Rough
Endoplasmic Reticulum; ER(:[” Endoplasmic Reticulum Golgi Intermediate Compartment.
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Figure 3. The key reservoir and potential in’c. species transmission routes of SARS-CoV,
MERS-CoV and SARS-CoV-2. The ingesting of imcc.ed animal as a source of food is the major
cause of animal to human transmission c. th: virus and due to close contact with an infected
person, the virus is further transmitted to healthy persons. However, there are no
documented cases of direct bat-humai. transmission. Solid black arrow represents the
confirmed transfer while the broken ire denotes unknown intermediate host and suspected

transmission.
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COVID-2019 symptoms
W

Common symptoms Possible complications

Body fever (up to 38°C)

Headache

Runny nose (Extreme sneezing)

Dry cough and sore throat
Severe shortness of breath

General feeling of fatigue

and exhaustion — Severe acute pneumonia

— — Haemoptysis

Severe diarrhea

Figure 4. The most common symptoms ¢ COVID-19 according to the WHO.
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Figure 5. Global confirmed COV'2-12 cases and associated deaths from January 11 to April
14, 2020. Inserted Pie chart show; e distribution of confirmed cases in each continent.
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Figure 6. Global COVID-19 outbreak map, April 14, 2020. US now has more COVID-19 cases

than any other country.
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